o
L‘
€

-

nuE

WN ‘gV) AHVHEIT HO3L

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

NACA TN 3128 927D

TECHNICAL NOTE 3128

COMPARISON BETWEEN THEORY AND EXPERIMENT FOR

INTERFERENCE PRESSURE FIELD BETWEEN WING

- ‘\,l

o AND BODY AT SUPERSONIC SPEEDS

By William C. Pitts, Jack N. Nielsen, and
Maurice P. Gionfriddo

Ames Aeronautical Laboratory
Moffett Field, Calif.

Washington
- April 1954

l . | : AFMZC
¥ FEGH o tnoana,
S

L
F il Lo fa .Y ]




1Q

TECH LIBRARY KAFB, NM

IR R

NATIONAL ADVISORY COMMITTEE FOR AFRONAU L5975

TECHENICAL NOTE 3128

COMPARISON BETWEEN THEORY ARD EXPERIMENT FOR
INTERFERENCE PRESSURE FIELD BETWEEN WING
AND BODY AT SUPERSONIC SPEEDS

By Williem C. Pitts, Jack N. Nielsen, and
Maurice P. Gionfriddo

SUMMARY

Pressure-distribution data were cbtained for a wing-body combination
at Mach numbers of 1.48 and 2.00 and at Reynolds numbers of 0.6, 1.2, and
l.5x1ds to investigate the effects of wing-body interference. The model
wvas & single-wedge, rectangular wing mounted on a cylindrical body with
an ogival nose. The body angle of attack ranged between +6° and -6° and
the wing-incidence angle ranged from O° to -5.7°. The experimental
pressure-distribution and span-loading results are compared with the
linear, wing-body interference theory of NACA TN 2677.

For small values of angle of sttack and wing-incidence angle it was
found that the experlimental pressure-distribution resulis compared well
with linear theory, but for larger angles, nonlinear effects of angle
caused large differences from linear theory. The nonlinear effects of
angle on the wing were fairly well predicted by shock-expansion theory
for the wing incidence case. In contrast with the pressure-distribution
results, the 1ift loading was found to be very nearly linearly dependent
on angle. Reynolds number and Mach number were found to have only a small
effect on the difference between experiment and linear theory except near
the wave traversing the body from the wing-body Jjuncture where the effects
of both of these parameters were large.

INTRODUCTION

In recent years much interest has been manifested in wing-body
interference. Some of the theories that have been developed for computing
the effects of wing-body interference on pressure distribution have been
compared by Phinney (ref. 1) and Iawrence and Fisx (ref. 2). Ferrari
(ref. 3) presented an iterative method based on linear theory. Morikawa
(ref. 4) obtained an aspproximate solution by solving a boundary-velue
problem, and also obtained a closed solution by approximating the three~
dimensional model by & planar model. Bolton Shaw (ref. 5) cbtained a
solution by satisfylng boundary conditions at a finite number of points
rather than over & surface.



2 - NACA TN 3128

A method of solving a wide class of wing-body interference problems
is presented in references 6 and 7 together with a numerical application
to the special case of a flat, rectangular wing mounted at incidence on
a cylindrical body at zero angle of attack. The method determines an
interference potential that satisfies the boundary condlitions on both the
wing and the body when the body is Introduced into the field of the wing
alone. This interference potential is determined as the sum of a number
of Fourier components. Since no assumptions are made beyond those of
linear theory, the exact linear-theory solution could be obtained from
this method by teking e sufficlient number of terms. The numerical appli-
cation shows that except near the wing leading edge, the Fourier series
converges so rapidly that, generally, only four Fourler components give
a close approximation to the exact linear-theory solution.

Some experimental pressure~distribution data, such as those of refer-
ences 8, 9, 10, 11, and 12, are available for comparison with theory.
However, & complete, systematic set of data which cover the effects of
engle of attack, wing incidence, Reynolds number, and Mach number on the
pressure dlgtribution on both the wing and body of a wing-body combination
is not avallable. It is the primary purpose of the present report to
present such a set of data and to compare them with the theory of refer-
ences 6 and 7 to determine the accuracy of the theory. Another purpose
is to compare the calculated results of this report with those of other
theories.

SYMBOLS
a body redius, in.
A aspect ratio of wing formed by Jjoining exposed half-wings
together
c chord of rectangular wing, in.
fzn(x) velocity amplitude function of n'th Fourier component, in./sec
1y wing-incidence angle, radians except where otherwise designated
L 1ift of combination back to wing trailing edge, 1b
M free-stream Mach number
n number of Fourler component
D static pressure, 1b/sq in.
P, static pressure at any particular orifice of wing-body combi-

nation when o = iy = 0, 1b/sq in.
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Wzn(er)

Xy¥Y.2

p_Pl
45

interference pressure coefficlent due to n'th Fourier component

pressure coefficient,

dynemic pressure, 1b/sq in.

cylindrical coordinates: y =r cos 6, z =r 8in @
(See fig. 1.)

Reynolds number based on wing-chord length
real part

semispan of wing-body combinsation, in.
free-stream velocity, in./sec
characteristic functions

Cartesian coordinates: x, axial coordinate; y, lateral coor-
dinate; z, vertical coordinate, in.
(See fig. 1.)

body angle of attack, radians except where otherwise designated

wing angle of attack, deg

S -1

dummy variables of integration
total wing-alone perturbation velocity potential

wing-alone perturbation velocity potential due to the exposed
right half of the wing

wing-alone perturbation velocity potential due to the exposed
left half of the wing

wing-alone perturbation velocity potential due to the portion
of wing inside the region occupied by body

Subscripts

integer ranging from 1 to o

lower surface
wall of wind tunnel
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u upper limit of integration
U upper surface
o] free-stream conditions

EXPERTMENTAL CONSIDERATIONS

Apparatus and Procedure

The investigation was made in the Ames 1~ by 3-foot supersonic wind
tunnel. This wind tunnel was equipped with a flexible-plate nozzle that
could be adjusted to give test-section Mach numbers from 1.2 to 2.2. The
pressure measurementg are obtained as photographic recordings of a
multiple-tube manometer board using dibutyl phthalate as the fluid.

Since this investigation required a comparison of the data for several
Mach numbers and Reynolds numbers at the same values of a and iy, 1t wes
necessary to set o and iy accurately for each measurement while under
tunnel test conditions. The values of iy were accurately set by means
of angle blocks in the body. The angle of attack was set by a special
image projection device. A mirror was lnserted in the schlieren system
so that an image of the model was cast upon a screen. With the wind off,
the model was set at the desired value of o and the inclination of the
model image was marked on the screen. With the tunnel in operation at
the desired pressure, the angle of attack of the model was adjusted until
the inclination of its image was parallel to the calibration line made on
the screen with the wind off. To check this method, a horizontal and
vertical wire grid wae placed on the tunnel window and schlieren pictures
were taken of the model while the tunnel was in operation. These plctures
showed that the image projection device set _a to within_:l:O.O'?o of the
desired value. It was especially necessary to set o accurately for the
small angles to avoid large percentage errors in the angle setting.

The model angle of attack ranged from +6° to -6° in 2° increments
and the wing-incidence angle ranged from 0° to -5.7° in 1.9° increments.
The test was performed at the two Mach numbers 1.48 and 2.00 and at the
Reynolds numbers of 0.6, 1.2, and 1.5 million, based on the wing chord.

The model wes tested for all combinatlons of these values of the four para-
meters investigated.

Model and Support

The sting-supported model, which is diagrammed in figure 1, was a
combination consisting of a cylindrical body with an oglval nose and a
rectangular, wedge-shaped wing. The dimensions of the model are given in
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figure 1. The wing was made 10 percent thick to minimize sercelastic
effects. It was mounted in the body by means of a set of angle blocks
which enabled the flat wing surface containing the orifices to be set at
0°, -1.9°, -3.8%°, and -5.7° angles of incidence with respect to the body
center line. The pressure orifices were all located on the upper surface
of the model. The 47 orifices were distributed slong seven spanwise sta-
tions in order to give a comparison with theory for the wing and the body.
The locations of the orifices are given in table I.

Reduction and Accuracy of Data

Reduction of data.~ All data are reduced to the coefficient form
(p-pl)/qo. Actually the quantity (p-pT)/qT was measured and subsequent
corrections were applled to change the reference static pressure to Py
(pl is the static pressure at the particulsr orifice in question when
a =iy = 0°) and the reference dynamic pressure to 4y Since P,
includes the effects of nose thickness and stream angle, using p as a
reference pressure minimizes these effects and essentially gives only the
pressures due to the angle settings of the model. The dynamic pressure
was adjusted from to on the basis of a previous pressure survey
of the tunnel. This later adjustment was negligible for M = 1.48 and
amounted to less than a 3-percent correction for M = 2.00. For the pur-
pose of comparison with theory the pressure coefficient (p-pl)/qo is
reduced to the parameters PP/a for iy = 0° and BP/iy for a = O°.

Accuracy of data.- There asre two types of errors that enter into
an experimental investigation: systematic errors and random errors. In
this paper accuracy will be teken as the sbility of the experiment to
give the true values without nose effect or stream angle and, hence, 1s
a measure of the systematic errors. Precision will be taken as the abil-
ity to repeat the data and, hence, 18 a measure of the random errors in
the experiment.

Several factors contributed random errors. The major factor was
the error in the angle-of-attack setting. The uncertainty in each angie
setting was i0.07°, but each measurement was dependent upon two angle
settings: +the setting for the condition represented and the setiing to
determine the zero correction. This leads to a net uncertainty of 0.1°
which would account for a 5-percent error for angles of 2°. Most of
the remainder of the uncertainty in the data is due to the fact that the
reference wall static pressure in the tunnel changed slightly from run to
run while the total pressure remained constant. Although the magnitude
of this pressure change was quite small, it was large enough compared to
the small pressure differences for the 20 angle settinge to cause as much
as a 3-percent error. In addition to these factors, between l-percent
and 2-percent uncertainty wae observed in reading the data from the mano-
meter board pictures.
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To determine experimentally the precision of the data, a large number
of repeat measurements were taken and compared. It was found that for a
or iy = #20, two independent determinations of BP/a or BP/iy; differed
from each other by £7 percent on the average. For o or iy = +4° and o
or Iy = i6°, the experimentally determined precision of BP/a and BP/iW
is iﬁ percent and *2 percent, respectively. The precision in BP/@
ilncreases with the magnitude of the angle because a large part of the ran-
dom error is due to the angle setting. The known major experimental
errors are due to stream angle and body nose effects., The effect of
these factors was not determined, but, as described in the reduction of
data section, corrections were applied to minimize their effect, assuming
the effects did not vary appreciably with angle-of-attack settings. This
essumption should be good for the body-thickness effect. However, it is
not necessarily a good assumption for the stream-angle effect since the
stream angle varies slightly at different positions in the tunnel and the
model moves approximately 6 inches in a vertical direction between
o= +6° and o« = ~6°. Since the stream-angle correction that was used
was obtained for the o = 0° position in the tunnel, data obtained at
@ = 0° should have no appreciable error due to stream angle., For other
velues of «, some error due to stream angle is possible.l

For the purposes of this paper, the important question is, "How well
does theory predict the experimental data?' Direct comparisons between
linear theory and experiment will be made only for o = %29 and iy = -1.9°
data. In figure 2, experimental pressure distributions in the wing-body
Juncture obtained from two independent measurements with ig = -1.9° and
o = 0° are shown together with a falred curve of their average values.

The i7-percent limlt of precision sbout the average value is represented
by the dotted lines. The figure shows that the theoretical value generally
lies between these dotted lines and therefore the theory predicts the
experimental velues within the precision of the dats in this exsmple.

THEORETICAL CONSIDERATIONS

The theory of this report is a direct application of the general
linear theory of references 6 and 7 to two special conditions of a rec-
tangular wing and body combination. The mathematical model consists of
a rectangular, flat-plate wing mounted on an infinitely long circular- -
cylinder body. The aspect ratio of the wing is large encugh so that the
Mach lines from the leading edge of the wing tips do not intersect the
wing-body Jjuncture. The two special conditions treated ere the angle .of-
attack case (variable angle of attack with Iy = 0°) and the wing incidence
case (variable wing-incidence angle with « ;_Oo). A detailed example
calculation of the wing-incidence case is given in reference 7, so it will

1A streem-angle and pressure survey of the wind tunnel indicated that
stream-angle variation caused the magnitude of the experimental values
of BP/a %o be 4 percent high on the average.
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not be discussed in detaill here. The calculations involved in the angle-
of-attack case will be outlined in the following section. The differences
from linear theory due to finite values of a &nd iy are predicted by
shock-expansion theory.

In the analysis of references 6 and 7 and in the calculations for
this report the body radius is taken as unity, and M2 is taken as 2 so
that B = - 1=1. Any formule can be generalized to any body radius
by dividing all length symbols by & and can be generalized to any Mach
number by dividing all streamwise lengths by 8, by multiplying all pres-
sure coefficients by g, and leaving all potentiels and span loadings
unaltered.

Summary of Method for Angle-of-Attack Case

As in 81l applications of the theory of references 6 and T, the velo-
clty potential of the combination is considered to be the sum of the wing-
alone potential and an interference potential. Since the wing-alone poten-
tial can be determined by existing methods, the essentlal problem is to
determine the interference potential. This is done by developing a poten-
tial that cancels the flow, due to the wing alone, across the body surface
as well as satisfying the two other boundary conditions, (1) that it does
not distort the shape of the wing and (2) that it is zero shead of the wing
leading edge.

The first step in calculating the pressure coefficients 1s to deter-
mine the wing-alone potentieal. From this, the normal veloclity, and hence
the boundary condition on the body surface, 1s obtained. The expression
for the normal veloclty is expanded in a Fouriler series of the form

-
n§o:f2n(x) cos 2n6 vwhere fou(x) is called the velocity amplitude func-

tion. After the velocity amplitude functions are determined, the inter-
ference pressure coefficlent at any polnt in the flow field can be
directly found in series form with the aid of the universal Wgn(x,r)
functions developed and tabulated in references 6 and 7 for r =1, By
adding the interference pressures to the wing-alone pressures, the pres-
sure coefficlents for the wing-body combination are obtained. The
details of the calculation for the angle-of-attack case are presented in
Appendixes A, B, and C. It is shown that the interference pressure
coefficient for r =a is

<l

Pon=

cos 2ne[f2n(x) - f :}zn(g)w?_n(x-g)dg}
O
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Wing-Incidence Case

The theoretical values for the wing-incldence case used in this report
are taken directly from reference 7. The only exception is the pressure
distribution on the € = x/4 meridian on the body which is not presented
in reference 7. However, it was calculated in the same manner as was used
for the top meridian of the body so no further discussion is necessary
here.

RESULTS AND DISCUSSION

A complete set of data in the form of P for the Reynolds numbers
0.6, 1.2, and 1.5x10% at M = 1.48 and for R = 1.5x10°% at M = 2.00 1is
presented in table II. These values of P are, for the most part, aver-
ages of two readings.

General Physical Principles

Before discussing the results of the investigation in detail, it is
well to give first a general physical description of the effects to be
expected. Figures 3 and 4 show qualitatively the pressure distributions
to be expected on a rectangular wing and body combination for the angle-of-
attack case and the wing-incidence case, respectively. The chordwise
variations of the coefficient, BP/a or BP/iy, are shown for five stations
by the shaded areas.® The variation in the pressure coefficient is some-
what exaggerated for emphesis. These figures show that Mach cones emanat-
ing from the wing-body Juncture determine the points at which the various
effects of wing-body interference are felt. On the cylindrical body the
pressure coefficient is zero in front of the Mach helix originating at the
leading edge of the wing-body Juncture. However, as shown by the two sta-
tions on the body, the pressure rises abruptly behind this Mach helix,
point 1, in both figures. The Mach helices from the two wing panels cross
the 6 = n/2 station simultaneously so that there is only one large
increase in the magnitude of the pressure coefficient. These Mach helices
cross the 6 = 3x/L station at two different points so that beyond point 1
there is a secondary increase in the pressure coefficients at point 2.
These Mach helices continue to curl around the body until they strike the
wing panel at points 3, where part of the pressure disturbance continues
along the wing and part of 1t is reflected along another Mach helix on the

2at y/a = 3 in figure 3 the shape of the curve behind the Mach wave has
been inferred from the wing-incidence-case calculations.
The pressure distribution shown for the 6 = 3x/k statlon on the
body is identical to the pressure distribution for the 6 = n/4 station
due to the symmetry of the model.
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body, causing a further increase in the magnitude of the pressure coef-
ficients at points 4. Another pressure disturbance originates at the
trailing edge of the wing-body Juncture that causes the decrease in the
magnitude of the pressure coefficlents noted at points 5 of the two
figures.

On the wing of the combination the pressure coefficient is the same
as that for a wing alone in front of the Mach wave from the wing-body
Juncture, except that when the body is at an angle of attack the bodg
upwash effectively twists the wing in a manner such that oy = af1+al /yz).
Figure 3 shows this effect of body upwash along the leading edge of the
wing where the pressure coefficient decreases as y/a increases because
of the effective twist of the wing. The importance of body upwash can be
seen by comparing the pressure distribution along the leading edge in
figure 3 with that in figure 4. The pressure coefficient at the wing-body
juncture in figure 3 is twice that in figure 4 where there is no body
upwash. The pressure coefficlent at any given spanwise station remsasins
nearly constant between the wing leading edge and the Mach wave from the
wing-body juncture. Behind the Mach wave, interference from the wing-body
Juncture causes the pressure coefficilent to decrease in magnitude as shown
in the two figures.

Effects of Angle of Attack

Comparisons between theory and experiment for the angle-of-atiack case
are made in figure 5 for data at a Reynolds number of 1.5x10° and Mach num-
bers of 1.48 and 2.00 with iy = 0°and a = +2° and +6°.

Pressure distribution in jJjuncture of wing-body combination.- A com=-
parison between linear theory and experiment for the pressure distribution
in the wing-body juncture is made in figures 5(a) and 5(b) for both Mach
numbers. The sketches show the pertinent Mach lines and the spanwlise
location of the orifices.® The experimental data points from the wing
surface on which & compression occurs (negative angle of attack) are
represented by flagged symbols, and the data points from the surface on
which an expansion occurs (positive angle of attack) are represented by
unflagged symbols. The figures show that the theory predicts the magni-
tude of AP/a &bout 5 percent below the average of the a = 320 experi-
mental values at M = 1.148 and about 15 percent below experimental values
at M= 2.00. The chordwise variation is well predicted by the theory.

Linear theory predicts that the parameter BP/a is independent of
angle of attack. Actually it is not, and the nonlinear effects of angle
of attack cause a spread in the data. The magnitude of the spread to be

SThe location of these Mach lines is only qualitative because the calcu-
lations were made using shock-expansion theory, with the assumption that
there was no local Mach number variation behind the leading edge of the
wing. To simplify the sketches, the Mach helices on the body are repre-

sented as straight lines.
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expected between « = +6° and o = -6° was calculated at the leading edge
of the wing by shock-expansion theory. As in the calculation of first-
order effects, the local angle of sttack was determined using Beskin
upwash theory. For M = 1.48 ©body upwash caused the shock wave to be
detached from the wing in the wing-body Jjuncture so that no caleculation
of the spread could be made there. For M = 2,00 1t was found that near
the wing-body Juncture the predicted spread was about twice the experi-
mental spread, whereas for y/a greater than about 1.5 the experimental
spread was falrly well predicted. This difference between shock-expansion
theory and the experimental data in the wing-body juncture is probably
due to the combination of two things. Flrst, near the wing-body Juncture
the body upwash is modified by viscous effects. Second, the theoretical
spread was calculated at the leading edge of the wing and this value was
agssumed to apply rearward to the first orifice. Thls assumption is prob-
ably good beyond y/é = 1.5 where the chordwise changes in pressure are
emall back to the first orifice, but, in the Juncture, the changes in the
chordwise direction are large near the wing leading edge so that thils
assumption 1s probably invalid.

Another phenomenon not predicted by linear theory is shown by figure
5(a). The linear theory predicts that the Mech helix from the opposite
wing panel (see sketch) should intersect the wing-body Juncture at point
1, causing an increase in the magnitude of PBP/a. This effect is observed
experimentally for negative values of « but in front of point 1 rather
than exactly gt point 1. The reason is that for negetive values of «

& compression occurs on the orificed surface reducing the lccal Mach num-
ber from the free-stream Mach number, thus increasing the Mach angle and
causing the Mach helix to shift forward. The result is the spread of the
data shown in figure 5(a) near point 1. This effect is not shown by
figure 5(b) because the wing chord is effectlively shorter for M = 2.00
so that the orifices do not extend to the Mach helix as. shown by the
sketch.

Figures 5(a) and 5(b) show that Mach number has no effect upon the
magnitude of the higher-order spread due to angle of attack or upon the
chordwise variation of ' pP/a, but on the average the megnitude of PBP/a
is ebout 10 percent higher for M = 2.00 then for M = 1.48.

Pressure distribution on top meridian of body of wing-body combina-
tion.- A comparison between the linear theory and experiment for the pres-
sure distribution on the top meridian of the body is made in figures 5(c)
and 5(d). These figures show that theory and experiment are in good
accord for o = +29, particularly at M = 1.48. However, nonlinear
effects due to o cause a large spread between the data for o = +6 and
a = -6°, All the effects predicted to occur on the body in the section
of the report "General Physical Principles" are observed experimentally,
but not exactly at the points predicted because of nonlinear effects. The
pressure rise predicted at point 1 of figures 5(c) and 5(d) occurs pre-
maturely and is less abrupt than expected for all angles of attack because
of the boundary layer on the body. The variation ln local Mach number
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causes the Mach helices to shift forward for the negative angles of athack
as discussed in the section treating the wing-body Juncture. The increase
in the magnitude of PBP/a expected at point 2, x/Ba = 3x/2, actually
occurs at sbout x/Ba = 4 for a = 2%, The decrease in magnitude of gP/a
that is expected at point 3 actually occurs at about x/Ba = 4.0 for

a = -6°. TFor the positive angles of attack the Mach helices are shifted
rearvard so that these effects are not observed experimentally in the
renge of x/Ba measured.

Figures 5(c) and 5(d) show that, in general, the M = 1.48 data are
predicted better by the theory than are the M = 2.00 data. For M =2.00
there 1s an unexpectedly large pressure coefficient in front of point 1
for negative angles of attack® For o« = 2° and M = 2. 00, ﬁP/a dips
slightly near point 1 and then rises and overshoots the o = -6° data.
This effect is due to the boundary-layer condition on the body and will
be discussed in detail in the section dealing with Reynolds number effect.

Pressure distribution on 6 = 45° meridian of body.- A comparison
between the linear theory and experiment for the pressure dlstribution
on the € = 15° meridian of the body is made in figures 5(e) and 5(f).
Essentlally the same effects are shown on this meridian as on the top
meridian.

Just as for the top meridian of the body the experiment is, in gen-
eral, better predicted by the theory for M = 1.48 than for M = 2.00,
and the same boundary-layer effects are evident near point 1 for M=2.CO0.

Pressure distribution on wing of wing-body combination.- Experimental
chordwise pressure distributions on the wing are shown in figures 5(g) to
5(n) for the four spanwise orifice stations y/a = 1.25, 1.92, 2.58, and
3.92. TIn front of the Mach cone from the wing-body juncture no interfer-
ence is felt from the wing-body Juncture so that the theoretical pressure
distribution for a wing alone in the body upwash field 1is used in this
region (see Appendix C). The theoretical results behind the Mach cone
from the wing-~body Juncture (the region beyond point 2 in the figures) are
not available because the W, n(x,r) functions for r > a have not been
calculated. Figures 5(g) to 5(n) show that, in general, the wing-slone
theory predicts magnitudes of ﬁP/a about 5 percent below the measure-
ments for o = %2° for M = 1.48 and about 12 percent below the measure-
ments for M = 2.00. The spread in the data between o = +6° and o = -6°
is fairly well predicted by shock-expansion theory for y/a greater than
about 1.5 (figs. 5(1) to 5(n)). At y/a = 1.25 the predicted spread is
too large, Jjust as was the case for the wing-body Jjuncture.

Some of the interference effects discussed in the section of the
report entitled "General Physical Principles" are illustrated in figures
5(g) to 5(n). The interference effect from the opposite wing panel is
observed in figure 5(g) where, just in front of point 1, the same spresd
4The possibility that this large pressure coefficient was due to body

croesflow was considered by including the second-order terms in
Bernoulli's equation in the calculation of the body-alone pressure coef-
ficients, but this predicted only a small part of the observed values.
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in the data occurs ag in the wing-body Juncture. According to linear
theory the disturbance originating at the nearer wing-body Juncture should
be felt at point 2 of figures 5(i) to 5(m), and the magnitude of pP/a
should begin to decrease from the wing-alone value there. These flgures
show that the magnitude of BP/a does decrease in the neighborhood of
point 2. They also show that, in general, the o = +6° and the a = -6°
data converge in the neighborhood of point 2. This convergence is due to
a variation in the local Mach number with a. This is shown by the sketch
in figure 5(3) where the digturbance from the wing-body Juncture is first
felt at point 3 for o = -60, whereas it is first felt at point & for

o = +6°. Since the magnitude of ﬁP/a begins to decrease as soon as this
disturbance is felt, the magnitude of PBP/a begins to decrease at a

smaller value of x/pa for a = -6° than for o = +6°, thus causing the
convergence observed. The sketches in figures 5(k) and 5(m) show that the
disturbance from the wing tip should also céuse the o = +6° and a = -6°

data to converge beyond point 6 in these figures. The figures show that
the data not only converge but actually cross over and reverse order Jjust
beyond point 6.

The only significant effect of Mach number shown by figures 5(g) to
5(n) is the approximately 10-percent-larger values of ﬁP/a for M = 2.00
than for M = 1.48. Nearly 40 percent of this difference may be due to
differences in stream angle in the wind tunnel for the two Mach numbers.

Span loading distribution.- Span loading is defined for both the body-
and the wing as the integral

IOROIRC

The experimental results for the span loading distribution on the wing and
body of the combination are presented in figure 6 and a comparison is made
with theory on the body. As has been mentioned, the theoretical results
on the wing in the interference region between the body and point 1 were
not availsble for the o case at the time this paper was written. The
theoretical pressure-distribution curves shown beyond point 1 are those

of a wing alone with no body upwash present since outbpard of this point
its effect is small. The decrease in span loading beyond point 2 due to
wing-tip interference is calculated by Busemann theory, reference 13.
Figure 6 shows that theory, on the average, predicts the experimental span
loading on the body within 10 percent. Of particular interest is the fact
that, in general, the higher-order differences due to a that were so
large for the pressure-distribution results are negligible for the span
loading distribution. The only exception 1s on the top of the body,

y/e = 0, at M = 2.00 where the effects of boundary-layer and shock-wave
interaction are large. The explanation for the independence from o is
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that the higher-order effects on the top surface are compensated for by
higher-order effects of the same magnitude on the lower surface so that
the net loading per unit angle is very nearly .independent of angle of
attack.

The theoretical span loading distribution shown in figure 6(b) can
be applied to wings of higher aspect ratio by simply translating the tip
solution shown beyond point 2 to the tip of the wing. The span loading
will have the two-dimensional value of a wing alone between points 1
and 2. When the interference from the body and wing tip overlaps as in
figure 6(a), the effects of these two factors must first be separated
before transldting the tip solution.

Effect of Wing-Incidence Angle

Comparison is made between theory and experiment for the wing-
incidence case for data taken at a Reynolds number of 1.5x10® asnd Mach
numbers of 1.48 and 2.00 with o = 0° and 1y = -1.9° and -5.7°. It will
be remembered from the sectlion on the sccuracy of data that there is no
appreciable error due to stream angle for the wing-incidence case.

Pressure distribution in wing-body Junctures.- The linear theory and
experimental pressure distributions in the wing-body juncture are compared
in figures 7(a) and 7(b). The symbols 1n the figures are flagged to be
consistent with the use of flagged symbols for negative angle-of-attack
deta. The figures show that the experimental values are zbout 5 percent
below those predicted by the theory for iy = -1.9°. The magnitude of the
nonlinear effects due to iy is predicted at the lesding edge by shock-
expansion theory. Figures 7(a) and 7(b) show that the spread predicted
in this manner is in good accord with the experimental results. The pre-
mature incresse in the magnitude of BP/iW near point 1 is due to the
effect of the opposite wing panel and variation of the local Mach number
as discussed in the angle-of-attack section. No significant effect of
Mach number was found on the parameter BP/iW.

Pressure distribution on top meridian of body of wing-body combina-
tion.- A comparison between the linear theory and experiment for the pres-
sure distribution on the top meridian of the body is made in figures T(c)
and 7(d). These figures show that theory and experiment are in good accord
for iy = -1.9°. However, nonlinear effects due to iy cause much larger
differences between theory and experiment for iy = -5.7°. This is consis-
tent with the angle-of-attack case where the higher-order effect due to «
wag large for negative angles of attack.

A1l of the effects observed for the angle-of-attack case due to dis-
turbances from the wing are also shown to ocecur for the wing-incidence case
in figures T(c) and 7(d). The paths of these disturbances as predicted by
linear theory are shown on the sketch and the positions at which the
effects are expected to occur are shown on the abscissa.
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The only significant effect of Mach number apparent in figures 7(c)
and 7(d) is the larger boundary-layer and shock-wave interactlaon for
M = 2.00 than for M = 1.48 near point 1. The M = 2.00 experimental
date for iy = -1.9° dip and then overshoot at this point. This phenom-
enon is discussed in more deteil in the section of the report on Reynolds
number effect.

Pressure distribution on 6 = 45° meridian of body of wing-body combi-
natlon.- Linear theory is compared with experimental. results for the pres-
sure distribution on the @ = 45° meridian of the body of the combination
in figures 7(e) and T(f). The effects shown by the figure are consistent
with those shown for the angle-of=attack case and for the wing-incidence
case on the top meridian of the body. No unusual effects are observed.

Pressure dlstribution on wing of wing-body combination.- A comparison
between linear theory and experiment for the pressure distribution along
several spanwise stations is made in figures T7(g) to 7(n). The theoreti-
cal values behind the Mach wave were obtained dlirectly from reference 7.
These velues were calculated by essentlially the same method used in the
present report, but without the aid of the Wén(x,r) functiona. The
experimental data (figs. T(k) and T(1)) show_that, in general, BP/iy for
the iy = -1. 9° date is constant and nearly equal ta -2 in front of the’
Mach cone. Behind the Mach cone the theory generally predicta values
about 5 percent ebove the experimental data for iy = -1. 9 The higher-
order effects due to iy cause larger differences between linear theory
and experiment for iy = -5. 7°. The figures gshow that these differences
aere well predicted by shock-expansion theory. The effects due to the
influence of the Mach waves are the same as those discussed for the angle-
of-attack case. There is no effect of Mach number evident on the wing of
the wing-body combination other than that predicted by linear theory.

Span loading distribution.- A comparison between the theoretical and
experimental results for span loading distribution on the wing and body
of the combination is made in figure 8 for 1W -1. 9 The decrease in
the span loading due to the wilng tip was calculated by the method of
Busemsnn (ref. 13). In part (a) of figure 8, interference from both the
body and the wing tip is felt between points. l and 2, but in part (v) no
interference is felt between points 1 and 2, and the span loading is that
of a two-dimensional wing alone.

Figure 8 shows that, in general, the experiment is 5 percent lower
than the linear-theory prediction. Since all pressure measurements for
the wing-incidence case were made for negative values of 1y, the experi-
mental values used in this figure were obtained by doubling the values
of BP/iw ocbtalned for 1y = -1.9° rather than by considering two sur-
faces as for the angle-of-attack case. Since this increases the nonlinear
effects of iy rather than minimizing them, only the iy = -1.9° data
(for which the nonlinear effects are small) were plotted. However, the
method of references 6 and 7 is applicable to the prediction of the net
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span loading for larger values of 1y because the nonlinear effects on
the upper and lower surfaces tend to cancel each other, as shown for the
angle-of-attack case.

Effect of Reynolds Number

The primary effect of Reynolds number in this linvestigation was on
the body. Reynolds number was found to have no significant effect on the
pressure distribution on the wing of the combination for the range inves-
tigated. TFigure 9 shows the boundary-layer condition, as observed in
schlieren pictures, on top of the body at the point of intersectlion with
the Mach wave from the leading edge of the wing-body Jjuncture for R = 0.6
and 1.5X10%. The transition and separation regions shown in figure 9
indicate approximately the ranges of « and 1y 1in which the boundary
layer changes from laminar to turbulent or separated flow at the Mach wave
from the wing-body Jjuncture. In laminar and turbulent regions the flow
remains laminar or turbulent across the Mach wave. Some of the Reynolds
number effect shown by figure 9 may be due to changes in the turbulence
level of the wind tunnel.

It is to be expected that data obtalned for several angle combina-
tions within any one of the regions shown in figure 9 would show no sig-
nificant differences due to viscous effects, but that these data would
differ from data in other regions. For example, for M = 1.48 and
R = 0.6X10% the data for a = -2° with iy = 0° should differ from the
data for o = -6 with iy = 07 'because transition occurs at the shock
wave for the latter case but not for the former. That there is a 4if-
ference is shown in figure 10 where the pressure distributions on top of
the body for these two conditions are compared. In front of the shock
wave the flow is laminar for both angles of attack so that there is no
difference in the two sets of data. However, for a = -6° transition
occurs at the shock wave and the pressure rises as predicted, while for
@ = -2° laminar flow pereists behind the point at which the shock is
expected and the pressure rise occurs much later than predicted. In fact,
the pressure rise does not occur until the transition point shown in the
figure is reached and then it tends to overshoot, Thls phenomenon of the
delayed pressure rise was observed to occur whenever laminar flow per-
sisted beyord the point at which a shock wave from the wing was predicted
to exist. When the disturbance from the wilng is an expansion wave, the
pressure-coefficient curves rise approximately as predicted, regardless
of the type of boundary layer. The conditions for which this delayed
pressure rise was observed to occur are shown by the dotted areas in
figure 9. Two other examples of this phenomenon may be seen near polnts
1 of figures 5(d) and 7(d) for a = -2°, iy =0° amd a = 0%, iy = -2°,
respectively.
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In figure 11, the pressure distributions on top of the body are com-
pared for three Reynolds numbers. It is shown that data for the two high-
est Reynolds numbers, R = 1.2 and 1.5x108, agree almost identically, while
the data for the lowest Reynolds number differ considerably.

Comparison With Theory From Other Sources

The three theories for which numerical results are available are com-
pared in figure 12. The theory due to Ferrari was obtained by cross-
plotting from e figure in reference 8 so that the curve shown is only
approximate. The theoretical curve due to Morikawa is obtained from tabu-
lated results given in reference L. The experimental data region was
determined by the extreme values obtained for a = #2° for Mach numbers
1.48 and 2.00. TFrom this figure it appears that either the theory of
Morikaws or the theory of Nielsen may be used to predict the pressure dis-
tribution on the wing of a wing-body combination. Ferrari's theory pre-
dicts values that are somewhat low at the leading edge of the wing, but
it appears that if numerical results were avallasble beyond x/pa =0.T,
they would lie within the experimental range. For a more complete com-
parison of the theories of Ferrari and Nielsen, see references 1 and 2.
Except for Nielsen's theory, no numerical results for the pressure distri-
bution on the body were availlable for comparison.

CONCLUSIONS

An experimental investigstion wes made of the effects of angle of
attack, a, wing-incidence angle, 1y, Mach number, and Reynolds number on
the pressure distribution on a rectangular-wing and cylindrical-body com-
bination. The Mach numbers were 1.48 and 2.00; the Reynolds numbers were
0.6, 1.2, and 1.5x10%; o ranged from +6° to -6° in 20 increments; and iy
ranged from 0° to -5.7° in 1.9° increments. On the basis of comparisons
made between the results of this investigation and the theory of NACA
TN 2677, the following conclusions can be drawn:

1. The theory of NACA TN 2677, in general, predicts the pressure
coefficients within ¥10 percent for values of « and iy between 429 and
-2°%, For the wing-incidence case, a = O°, the theory predicts magnitudes
of pressure coefficient above the experimental values. TFor the angle-of-
attack case, iy = 0°, the theory predicts magnltudes of pressure coeffi-
cient below the experimental values.

0. Nonlinear effects due to angle of attack and wing-incldence angle
are large. On the wing the difference from linear theory due to nonlinear
effects of angle can be predicted.by shock-expansion theory, except near
the wing-body Jjuncture for the angle-of-attack case.
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3. Spen loading was shown to be predicted within +10 percent for
the wing-incidence case for all measured values of iy on both the body
and the wing. Where comparison wes possible, span loading in the angle-of -
attack case was also found to be predicted within *10 percent. The pre-
dicted span loadings are high for the wing-incidence case and low for the
angle-of-attack case.

k. For the angle-of-attack case, the pressure coefficients on the
wing are experimentally about 5 percent higher for M = 2.00 +than for
M = 1.48, when reduced to a form that is theoretically independent of
Mach number. Otherwise Mach number has no important effect.

5. Viscous effects are important only on the body where the shock
wave from the wing causes large boundary-layer and shock-wave interactions
for some angle conditions.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., Jan. 4, 1954
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APPENDIX A

DETERMINATION OF WING-ALONE POTENTIAL FOR ANGLE-OF-ATTACK CASE

The first step in determining the potential for the wing alone 1s to
set up a mathematical model. Since the exposed wing of the combination
operates in the body upwash field which effectively twists the wing, the
wing-alone model® is considered to be twisted in the manner predicted by
Beskin upwash theory for y 2 &

aw=a<1+5‘y2>=a<1+-;—2—> ’(Al)

The concealed wing may be extended through the body region in any manner
but, since equation (Al) gives oy = 2a at both wing-body Junctures, it
is taken as a flat plate at angle of attack 2a (see fig. 13).

The twisting of the wing is accomplished by superimposing a series of
flat-plate wings upon a basic flat-plate wing at oy = 20 (see fig. 1%).
Each of the superimposed wings 1s at an incremental angle of attack and
each successive wing terminates at an incremental value of y greater than
the previous one. As these incremental values of o and y become infini-
tesimally smell, the resulting potentlal approaches that of a wing with
the twist defined by equation (Al).

For the purposes of determining the wing-alone potential, the wing is
considered to be composed of the three parts shown in figure 13: the right
exposed half-wing, the left exposed half-wing, and the wing section inside
the body. The perturbation velocity potential is determined for each of
these wing sections and the results added together to obtain the potential
for the entire wing alone. Thus,

Since the wing may be considered to be composed of an infinite number of
flat, rectangular wings, the expression

v : ;
Koy )= -::i‘. <— x cos~l —=Y_ - y cosh™ —ae + z cos-1 ___}.‘L__>

%= ;y2+z§ VN YP+22 3222
(43)

SBoth & and B are taken as unlity. See Theoretical Consideratlions section
of text for method of generalization to other values of these parameters.
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from reference 14 for the velocity potential of a flat, rectangular wing
will be used as the basic relation for the calculations. Equation (A3)
gives the velocity potential at any polnt (x,y,z) due to a flat, rectangu-
lar wing at angle of attack e terminating at y = 0, and extending to
®© glong the positive y axis.

Since the twisted wing was shown to be equivalent to a basic flat-
plate wing at angle of attack 2¢ plus an infinite number of modifying
flat-plate wings, the potential of the right half-wing may be written as

Py, = 9(20,y-1) +E30(Ay ,3-0;) (Ak)

The first term on the right in equation (Ak4) is the potential due to the
basic exposed half-wing which terminates at the wing-body Juncture, y = 1,
and is at angle of attack 2c. The second term is the potential of the 1
modifying wings each at angle of attack Aaxy and terminating at y = Ty
where 1 < n3 < ., Since equation (A3) is homogeneous with respect to ~«,
equation (Ah) may be written

Py, = (2, y-1)+ 53 ¢(1,y-n1)001 (85)
From equation (A1)
2
day = - 5-% dy (a6)

Therefore,

Py = H2oy-1) - 2a [ KLy-n) (a7)

=,

where the limits of integration are determined by the range of y on the
wing included in the fore Mach cone originating from the. point for which
¢WR is belng determined. From figure 15 it is epparent from the equa-

tion of the fore Mach cone emanating from the arbltrary point P, for
B =1 that

2

% = 2% + (ny-v1)

Therefore, the upper limit of integration is
Mu = ¥, + x1%- 2,2 (48)

The lower limit of integration is at the wing-body Juncture, y = 1. From
equations (A3), (A7), and (A8)
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2V, o ~(y-1) -1 x
= R.P.< =—=| ~ x cos™t <= _ (y-1) cosh™" ——on — +
q)WR { Eid [: X2 - 72 y-1) /‘('y"_l'T) yz2

z cos-l = x(y-1) - EYQEL/\y+ o2 ¢ cost=(y-n) -
W(y-1)2+22 of5Z -2 ] * J, [ ]

(y- n"t -1 -x(y-n) a
y-n) cos 7_ﬁ——3———~__,(y_n)2+za + 2z cos Toee S ]1—{3}

Carrying out the integration and combining terms gives (49)
Xy cosh~1 Xcy{y-1)-2%
(v242%) B P -2 S22
(1 55) = Tt e= 1} (410)

Equation (A10) gilves the potential due to the exposed right helf-wing. To
this must be added the potentials due to the other two wing sections. The
potentlal due to the section of the wing in the body region is simply the
difference between the potentials of two flat wings at oy = 2d. One of
these wings terminates at the wing-bedy Juncture at y = -1, figure 13,
and extends (through the body) indefinitely in the positive direction.

The other wing terminates at the other wing-body Juncture, y = +1, and
also extends indefinitely in the positive y direction. The difference
between the potentials of these two wings 1s the potential of the wing
section in the body

Puy = o(2a,y+1l) - P(2a,y-1) (A1l)

The expression for @(ey,y) is given by equation (A3). Since the model
is symmetrical about the vertical y = 0 plane, the potential for the
?ther half-wing is simply obtalned by replacing ¥y by -y 1n equation
AJ-O) -

CPWL =¢WR (x"y’z) (a12)

Combining equations (A10), (A11l), and (Al12) gives the potential due to the
entire wing alone.
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@y = R.P. %‘i [x <cos":L —1¥ 4 cos”

11y +
x2-z2 o/ x2-22

+

-1 x v -1 x
—Lz + y—2>cosh - ( = +y+2)cosh —_
( ye+z f(' y-l)2+za- V242 '/(y+l)2+zz

. . . _ x(y-1) con- x(y+1)
<TE'-T-? Z>< co8 WV (7-1)2+22 /32 -22 + cos™ N (y+1)2+22 P22 >+

cosh™t 22 y(yel)-22 cosh™* x2-y(y-1)-z2 +2:r(z-x):l

Xy
(P+22) Jm< S Bz
(A13)

Investigation of @y as given by equation (A13) reveals that there
are three regions on the body in which the real part of this expression
differs. A fourth region, region IV, is entirely on the wing and is,
therefore, not necessary for determining the normael velocity distribution
on the body. These regions are determined by three characteristic Mach
cones. One of the Mach cones originates on the body axis at x = 0, and
the other two originate at the leading edges of the two wing-body junc-
tures (see fig. 16). The expressions for the real part of @y in the
three regions on the body are:

Region I:

Vo a2 _-(y-1) -1_(7+1) ) < Yy ) -1 X
Q. =- — [-X cos™—¥ __L 1+ coB8 - +y-2)cosh™—FF—xoonro +
W x X2 - 72 NS y2+22 N (y-1)2+2°

x - x{y-1)

5 -1 z -
)+ (o) (o i
<'y2+z2 (y+1)%+2° ye+z® (y-1)%+25 W x2-22

- x(y+1) Xy -1 ¥2-22-y(y-1)

1 cosh-1 -
- V(y+1)2+22 Jxa-z2>+ (y2+22) WxB-y2-22 < ° V%222
cosh™? xz-z;—g-riiﬁl) -2(z-x)n] (A1k)
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Region IT:

Vo -1 ={y-1) < y ) -1 x _
Py = - & -X cos-1l. - + y'..a cosh —_—_—
W n [ VB2 \¥2+22 V(y-1)3+2

b A - -X(Y'l)

Xy cosh™ fﬁz(—yi)- 2 (z x)n:}

(2 + 22) WxP-y2-22 %272 (a15)

Region III:
= . Yo} - _~(y-1) _< Y _ 4 -e) coshr % ____ -

Py - [x cos J—XZ;,E P2 y-= m

( 2z _ s - z> cos~1 - x(y-1) +

y2+z ‘\/(—y-l)2+zz ﬁz_zz -
T )XY cog-1 x2-22-y(y-1) _ 2(z-x)x :l (A16)
NyE+z2 %2 B2
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APPENDIX B

DETERMINATION OF VELOCITY AMPLITUDE FUNCTIONS

The method of references 6 and T requires a Fourier series expansion
of the expression for the normal veloclty on the body surface. The coef-
ficlents, fon(x), of the cosine terms in this series are called the
velocity amplitude functions. The interference pressure coefficients are
found directly from these functions, as will be shown in Appendix C.

The velocity normal to the body surface due to the wing alone 1s
easily found from the wiling-slone velocity potential by differentiation.
The amplitudes of the Fourier series expansion of the normal velocity
expression are obtained by the usual equation,

sin=ix
£o(x) =§f (%‘%W- e
[o]

sin~tx
fon(x) = 1% A (%)cos@ne)de

The fon(x) functions were cbtained in closed form for the wing-incidence
cage, but the angle-of-attack case required the evaluation of untabulated
elliptic integrals so that numerical methods had to be used to obtain
fon(x). The resulting fon(x) functions are shown in figure 17. This

figure shows that the curves of féggfl against x oscillate n times

(»2
fontx
between X = 0 and x =1 bdbut for x>1, —3$é—l ceases to oscillate and

is negrly constant.
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APPENDIX C
PRESSURE COEFFICIENTS OF THE WING-BODY COMBINATION

FOR THE ANGLE-OF-ATTACK CASE

Determination of Interference Pressure Coefficients

The interference pressure coefficients are cbtained directly from
the velocity amplitude functilons, fgn(X), using the universsal functions
Wen(x,r), developed in references 6 and 7. In references 6 and 7 it is
shown that the interference pressure coefficients for r =1 for each of
the fon(x) functions are

X

Pon =%cos EnG[on(X) f fzn(g)wzn(x‘gil)dg:[ (c1)

o}

The integration operation requlres graphical or numerical methods. The
total interference pressure coefficlent is the sum of the n components,
Pop. To get the exact linear-theory solution it would be necessary to
compute an infinite number of terms, but in most cases using only four
terms gives a close approximation to linear theory, as shown Iin reference
7 and verified by figures 18, 19, and 20. A relation similer to that of
equation (C1l) gives values of Pyy, for r different from 1.

Pressure Distribution in Juncture of Wirng-Body Combination

The pressure distributlion of the comblnation is obtained by adding
the interference pressure coefficients to the pressure coefficients of
the wing along. The results, using four and six Ppy components, are
shown in figure 18. This figure shows that four components glve a close
approximation to the linear-theory velue for x/Ba >1, At x/Ba = 0O,
the wing leading edge, linear theory using Beskln upwash glves exactly
BP/a = -4.0. For the reglon x/Ba < 1 the higher harmonics have their
greatest importance and many components would be necessary to get good
accuracy. However, satisfactory accuracy can be obtalned by falring a
curve through thils region since both end points are known.

One point of interest in figure 18 is the increase in the magnitude
of PBP/a near point 1. This is due to the influence of the oppoeite half-
wing reaching the wing-body Jjuncture at this point as shown in the sketch.

Pressure Distribution on the Body of the Wing-Body Combination

The pressure distributlion on the body 1s also obtained by adding
the interference pressure coefficients to the pressure coefficients due
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to the wing alone. The interference pressure distribution for any value
of 6 differs from that in the wing-body Juncture, 8 = 0, only by the
cos 2n8 factor in equation (Cl). For example, in the Jjuncture, cos 2nf
is always +1, on top of the body, 8 = n/2, cos 2nf alternates between
+1 end -1 as n increases, and on the 6 = n/4 meridisn cos 2n6é has
values of O, +1, and -1 so that when n 1s odd, P>p = 0. The pressure
distributions on the top meridian of the body and on the @& = h5° merid-
ian of the body are shown in figures 19 and 20, respectively.

Several interesting effects are exhibited by figures 19 and 20. The
step in the wing-alone pressure at x/Ba = 1 in figure 19 is effectively
canceled by the interference pressure from x/Pa = 1 to x/pa = n/2 and
for x/Ba > x/2 +the pressure increases rapidly. The effect of the inter-
ference pressure in canceling the effect of the wing alone on the top of
the body from x/Ba = 1 to x/Ba = n/2 1is to be expected since the wing
of the combination can have no effect on the body in front of the Mach
helix (point 1 of sketch) originating at the leading edge of the wing-body
Juncture. If an infinite number of components had been computed, the com-
bination pressure coefficients would be identically zero from x/Ba = O
to x/Ba = n/2. The same effects are exhibited by figure 20 except that
the wing-alone step occurs at x/Ba = ./2/2 and the Mach helix intersects
the meridian at x/Ba = x/4, point 1. The Mach helix from the opposite
wing panel intersects the meridlan at point 2 causing an additional pres-
sure rise. Since the region in which BP/a = 0 is known and since the
exact linear theory is well approximated by four components for large
values of x/Ba, theoretical curves of good accuracy can be faired from
figures 19 and 20. The area under the high peaks in the curves near
x/Ba = /b would become infinitesimal if an infinite number of inter-
ference pressure components were taken.

Pressure Distributions for the Wing of Wing-Body Combinations

In region IV of figure 16, the calculation of pressure coefficients
is just & wing-slone problem. The pressure coefficients in this region
can therefore be cbteined directly from the wing-alone potential as given
by equation (A10). The result is

P=-ea[1+?y3;2y_)é/?:l (c2)

In the region behind the Mach cone the pressure coefficients can be
obtained directly from the Wén(x,r) functions, as was done on the body.

The span loading distribution is determined by graphical integration
of faired pressure-distribution curves of figures 18, 19, and 20. The
pressure results of these figures are for c/ Ba < 4 and for BA > 2. Span
loadings for any combination of c/Ba and BA in these ranges can be
obtalned from these pressure distributions. The theoretical and experi-
mental span loading distributions on the body were evaluated back to
the wing trailing edge.
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For purposes of specifylng the span loading, the following equation

I NI
f (c3)
ERCAIORICONE S

The span loading is the gquantity inside the bracket.
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TABIE T.~- ORIFICE LOCATIONS ON WING AND BODY OF WING~BODY COMBINATTON

[Dimensions in inches measured from wing leading edge]

y/a 7 }.oeo y/a = 1.253 |y/a = 1.916 [y/a = 2.583 |y/a = 3.916 |6 = 90° |0 = 45°
h X
0.400 0.400 - - - 0.500 --- -0.281 | 0.468
TT5 TT5 0.775 TT5 - - - .219 .968
1.150 1.150 1.150 1.150 1.150 .719 | 1.468
1.525 1.525 1.525 1.525 1.525 1.219 1.968
1.900 1.900 1.900 1.900 1.900 1.719 | 2.468
2.275 2.275 2.275 2.275 2.275 2.219 2.968
2.650 2.650 2.650 2.650 2.650 2.719
3.219
3.719
la = 0,75 inches AN
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P-p
TABLE TI.- PRESSURE COEFFICIENTS ('?q;l)
(a) M = 1.48, R = 1.5x10°

0f

Btation) P o= -&° aw-0° axd® a=2® ok a=&°
YN[ 5000197 @ |are]-3.60]-1.99] @ jse]a0a9 @ [50-aFaf| 8P 3 A0 P |50 a8t ] @ [577) 387 ag?
/= N0, 0.21] 0,334 |0, bh8] 0. 354 |0.273 | 0200 0.300| 0,223{ 0.122] 0.093 | 0. 180| 0. 114 | 0. 054} 0.0TH 0.007 0,086 | =0, 092 | -0,086 0,054 -0,139|-0.189 (-0.143|-0.183] ~0.220
0.1 30y @ 329 .268| 361 .297| .229| .168| .236) .199) A 0| 156 .06 E . % ~032| -.om5| ~.009] -.06M -.100{ -.153] ~-.008] -, Y 1
T . 280 23| .323 g 97| .abe| .per L189| .119) .ope| .133| .0€8 . o . -.028| -.083| ~.009] -.030 ~.001| - -.073] -.109 -.15
o8 (330( L2685 'i;f 307 287 ﬁ 1| 197 .132| .065) .xe9| .oBB| .c46| . JSR0| -.a7| - 003 -.039 -. - - 003 -. ~117]
:ln . .a‘;g . ';‘i"ﬂ” ﬁ 1 f‘g J-:Iai_’& 3 061] 133 g .gig 05 g -.gg -.g g:g -.025 -.g -'090 -.% -.% -
. . £96| 21| . . . ; . - . . . . . - P o =021 -, - - - -
o5 3!73 207 248 ﬁ 232] 9| 66| 2o 1% JDEE Em Loh6) | 034 -0 -.om| e -.0R -.0m9| -.09G| -.037( -.074 -.ﬂ
T/0 = 79l L8| 390 J3E| AR W3] 261 JSI so7| .ees| .av6| .oBs| .277| W110[ L05%| .07O .007| -.OM3| -.0%%| ~.ONT| -.09M - QNT} -.196| -.1A5( -.193| -
0,208 AB6| . 32| 266| 3mh| (298| .ee9| J1TH| o72] 20| 2M7| L0B5] M2l 1Rl .O30| . K -a30| -.014] -,y -.0 -. -1 | -.095| -.239] -.
Jagl o3| =93 .e39| J3M3| L26T| LOS) 2k9| .185] .128] .080| -150( .o9k| .oM3| .omR| .oR)| -.0%1| -.063| -.00R| -.ORS -. -.J38| -.089( -.099| -.1k7]
J01 . o =07l 3| .ewp| .186] 236| .e22| .166] 2] LO7L gﬁ 03| .ok3] . .009| -.m@0| -.099| .o003| -.034 -.072| -.112| -.030( -. ~.197]
Sl | o8] .e09]| J3eh| .e58] L1861 .13k| e3e| (161f .ok . . 086 .on1| 088 .oe4| -.ma| -.053| 015 -.0=9| -.of2| -.096| -.036| -.07R| -.109
A3 .3 o30on] asel Jash| e8| .213| 38| =266] .1B7) . <160 .ogh| .ok2} .0B1) . =003 -.05L| . -.003 ~.039| -.098| -.083| -.070| -.100
okl L385) 206] 250 .339] .280| L23L) (268 6L .136] .oma] .150] .115| .oh7| ,ce| .03h] -.00b| -.033] .24 -.03 -.082) -.200| -.036| -.OTH| -.10%
/o w | 208 . Jael| Las| efe| JoO) 50| apo| =97| seh| ame| .ose| 197 .127| .083) .oBs| .e20] -.038| -0 | -.012| -.064( -.110) -2600 -.0%2| -.136 -.106
0{319 2963 .ﬁé} 304 315 .ekk| 96k .&g 220| .186| efe| 9| 133l .ope) Al J111) .e56( .088[ .@3| -.028| -.0B1| -.00R| -. =109] 15| ~.088) -.138| -5
508 m 31»2 2302 2| L391) .eTH| 207 .1k gal . aek] Lom| ame| (o] Losy| .o85| .008] -.R1l -.063| 012| -.089| -,086( -.13%| -.060| -.107| -.107|
S5 - .91kl 2TH gﬁ 301 .em7| 20| .1bo| L2hi| .1me) Lizof .086) .160) .099] .o%2| .0BT| .033( -.000) -.039) .ORR| -.0RM -,070| .31 -.039] -. -.133)
. JHag) .38 e 206|285 el k3l .eek| 176 103 .086| 239 .305) .0%1] .088| .oML| -.0O7| -.086| .OBh| ..ok -.059| -.1m1| -.025| -.068| -.la
.380{ . 25| a9%e) (30| .231| .176| .123| 6] .99 .103] L0686 - 0596 05| .089) .oM3| -.007| -.086| .03 -.004] -.039| -,093| ~.036] -.008| -.0%)
y/s = 63| 35| w11 e85 . . =3l 67| (ao7| 96| 08| .oB| -226| (138 .063( .16 Loko| -.c18] -.o76 .o20| -.039| -.09k| -.1k2| -.062| -.11k| -1
0.431 -231’ .376 »3%| .97 Eg?. ﬁ 20| 281 gi 2oh8| am3| ,om3| =217] .23 | .06k| .109| .0BT| -.0RQ| -.OTS| .01k| -.0R3| ~,097| -.1hk| -.069( -.218( -.160
G86| 3l 3s8l 66| L9395 .38 23| .1TO| . K-~ 1 .00s| 01| ,109| .0f2| .009] .032] -. -.079| .mo| -.047| ~.099]| =.1WT| ~.OT3| ~.222[ -.167]
oo .26h| .323| .e6s| .33B| .308] .ah5{ .165| .e89{ .ee1| .ab4 .of2) .19d| A3 .105| .o3k| -.ce7| -.cB3| .00 -.om| -.102| -.130( -.0T1 -.220f -.
J366| J311| .269] 429 a? 260] 221] (15| 24| 204 . [000] J182| .13k| Jof2| .11k .Oh3| -.005] -.069] .030| -. 05 "E -.oh8| -.a0e| -.
.366] .e6s| 16) 77| 2| 206] . k| .ag0| Js7) a1 Womd - .099| .0%8] .o0| .0MO| -.01R| -.063| .0R9| -.=6| -.000| -4 ~.0hé| - 200] .25
3ok E90( .9M .S 381 kol sioul sa66) -ae6| om| .o58| <109| .o73| .oh3] 0fB( .o%0| -.mo| -. e8| ~.ca8| -.06| -,233] -.on9| -.083| -.
s - . 06| .am7| .e80| .396| .330| 88| .ame| .3mo] 239 .a60( .083] 7| 150} .068| .A3TY . M3 -.0me| M| -0 ~.088] -2k | - 093] -.2k3
0.6% | 508 32;% sl 2] a=7| 306 263 231] A48 ﬁ .195| e8| Lome| 78| -017| o077 | .10 % -k -, B -~ 28| -.08k| -1k -:;-?3 - -
3] 308 063 oM 204l Lne| A7l .12k 57| 08| L06%| (143 | (096] .ORS5 | JOT9| 8| -.OLT —.g ome| -0zl -. =120 . - -
:R =226 :2 . £17( .178] 2| 2103 ::-ID .129] .08 .oor 08| 098] .o37| 052 5| -.000] - 008] -.038| ~.063| -.10k | -.0M9| ~.0BR| -.
KT . .133| .93 29| Jaee| L091 7| .121] J016| .ONY| 2100| .086| 81| LO73| .013| -.RO| -0 | -.00L| - - 066| -.080 | -. =0T9| -.055]
o m oo°|-.o0%| .o01| .m2| .;a] .0z .o0e| .001] .oo2{ .oon| O0G| .cad| .00@) 008 [-.002 O o -.ﬁ-.m -0 |0 L01| L0e| .003| .003| .008] .008| .09
o3| .ma| .ooe| .om| .coe| .o0)f-.002|-.002(~-,006 .002) .00 .00R| Q03003 |-.000 0 -.00k |-.002| -.00 | -.0m| .om| .oo7] J003| 003 .0a2]| .o13] .3
L2h0i 008 088 .035{ .000| .Oh3) o030 03] . JLe0{ 000 005 f .00 Jo0e) .001]| .00k ,002| -.000 | -.000 | .0OM .003{ .003| . 0| .09 .o
Jao| .k6o| .3ha| .08B| .051] L3208 _E:;ég .076 ?ﬁ .108 :ﬁ Je1| .109] 056 | .mo] o] .007] -.003| -.c20 | <.008| -.003| ~.0%2] -a =-.035] -.0h6| -.008
a73| Jeel Jhon) L31h| 255 .90k 20| . 0%0| 78| .00| .o6e|.250] .00 | .00 | o784 | .ce1] -.0e0| -0 | .006| -.033| -.06B]| - -5k | -.087| -1
.40} % .33 36| .361| .308| e . 2718| ,186| .19| .or0| .168] 20e | 68| 087| ,030) -.007| -.008 | .T( -.03L| -.07k| -.207 | -.OMg| -.001| -.33L
906 W11 . . 259| J356 .08 e32| . 206} e8| 2| 0% % »110 ga Ao . - - 25| ~. k6| - -1 | - -.088] -,1304
1.073 - 23| 293} .e63] .306] oTh| el . L2h8| .21 (48| 070 . A3k . ek Lows] -.3 -.3 097 | -.0exf -. -3k | -0 .08 -.ass]
Loho| .179| .oor| o1k ] 7| m| 18| JX72| J208| a3 29| .099] .001) LOD% | .062| .060] .OMS) -.001] - -.026| -.0ms| -.125| -.0%0| -.001] .22k
» - 40| .156] .a96| .136| .oea| .om0] .o96| .ce| .ov5| .mo| .c66| oM .ce5 wo09) 0&2 | .032) .m2] .oa8)-.0m] -.001 | -1k - - -.007| -.00h | -.0%2| -.0L| -.0h3
o3| -307| .s0n| .250f .e07| 277 g 257 am| Jage| .k 088 .oke| .106] LOTR| 033 | OU5 ﬂ -023 | -.0% -.3 -.0h3| -.073| -.098 | -.06k| -.005| -.20m
H560 3] 238 ase| .2 163] .1e8| 213 .130| .| .of9|.128| .076| .037| .eo7| .CAB| -.00T|-.0%% | .005| -.033] -.060| -.00R | ~.ONT| -.06Y) -.112
A58 38| W11 e09] 365 209 .B5) . A58 .| .10 . . L0871 .0 | .o7a| .RE] -.c07|-.053| .001| -.08B] -.063| -.097 | ~.0W5) -.080| -.022
Se2| 37| .38 Je60| (386 098] .228 .1%1] 273] 202 111.1 .010| I7R | 4200 | 046 ) .0BS % -5 | -.056 | .m6| -.028| -.067| -.120k | -.0h6| -.063] =.228
o -369| 30| eof] xMAf .87 .eT| .cRT a93) 20| . OTh] . 339 .05k ] .39 . -.005 | -9 | .oeT| -.008| -.080] -.211 | -.0M6| ~.0B7| -.121
I
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DP-p
TABLE II.~ PRESSURE COEFFICIENTS (f) - Continued
(b) M = 1.48, R = 1.2x10°

Bimtion) 1y o= 5° a =0 ax? a=g° «m 4° o= &

8 -3.0% 0.9 57|48 18° [ 5.1°a00f P 0|20 10| 0 [P [AF[ LR P 57 [ [ LF | F
y/m = |0.1330.62¢| 0.510( 0,511 0.335 0-2570.2221 0,151 | 0,095 |0.180|0.113] 0.051| 0,070 0. 002 | ~0. 048 | 0053 |-0. 08 ~0.093 | -0.136| ~0.298 -0, 1. 0. 186 | -0.831 L-0.270
0,170 | &38| .47 .hok| 333 .ofe 29 299 a3 gf -10T) 105 k) 073 LT[ ~.034| ~.078[ =083 | -.064 -.109| -.150| -,098| -.138| -.280 | ~.20%

-383| .hop| 36| 277 2300 . 2@ LI70) A1kt 07K | 130 L0B7| Lohi| Jo6h| 05| -.e9| -.088] -.mB| -.0m| -.098| -.137| .02 | waT1| -i253 | -2

LS08| sl .33 ﬂn. e0| . -R1k| .281] (1akf .087| .128] .oBk| .ods| .063| .ca5] -.on7] -.099 003 ..an «,070| -.11k| -.0L8] -.08e] - 100 | ~.156

633 1) 1 £03 L3 81| 109 .05k | .131( .083] .oMD| 065 .ce3| -.003| ~.053] .oal| -. -.0%8| -.007/ .93 —.ﬁ -0 "ﬁ

E M3 L3ms| .ego| 236 263 B4 .130| .063] J150| .052| .oMe| .o80| esi| -.000 -.g 09] ~.09] -, 093 | =29 | - =098 | -,

o B 299| 2MB -263] @09 ,136/ .o70| .191f .118( .ohg| .109] . -,008| -, #030| =016 .0 =a0R | —08L[ -.0TL| -.300 | =130
e, g0l 78| .389) o7 03] .e23| kgl J0B9| J281) a0 . 0611 .om| -.007( -,200( -.00)] -.098| -.146[ -.195| -5 | -,191] -.ako | -.280
0.208 g Ml bog| .e29| Lesh gﬂ Lm| ., 083 185 108 .33 «O0T2| .017| ~.033| ~.080| -.0P1| -.067] -1 -.1%9 ] -~.2103| -.1h3 'Zﬁ”a -.239

. by 313| Leom| Le32| . . J182| .128| o7 | 268 g 005 Lo77| .oem| ~.c2B| -.067| -.005]| -.0%0| -.088] -.128 "ﬁ =107| - =190

09| k| LeB7 a7 AR6| 169 .118] .070[ 134 2003 Lo71| .003| -.c0k| -.0%7| .006| -.03%| -.o7h| -.216] - -083) -,196 | -.164

633 LAkl L350 .287] .00 :g 66| J111) 088 . Loh0] . -3 ~.m2| -,053| oW -8 -.08| -.200] .03 -.3; =010 -.1k7

:Eg 32| .3T2| L300 A0 Jgel Lk 087 . 093] Lok g 87 -0 -0 .02 - -.057) .09k -.008] -, =101 | =.134

405 395) eom| 28| . 261 .208| k3] 016 | 1| ,139] .om0| .108] .037| -.ni| --0%| .cso| -.oeo =057 -.095| ~0R9| ~.07L( -.20k | -.193
y/o~| 238 aﬂl 30( ,¥h5| 280 -293| .eek{ 153 093 196 .a07| ,08] .o8M| .018 =039 ~.00h| -, 18| ~,063 -.118| -,16%] -.099| -1 -,190| -2
0,319 % . 986 .33 ek £63| ,196] . 080 .173] 12| . «008| .oy ~.029| -,083( -,008| -, =111 -.163] =090 | -.2h3| ~,19).| ».2%%

B . =340 00| .9 ﬁ’ 184 .1e3) 073 .160| .108 .g «090| .009| -.000| -.068| .oul| -. =.088| ~.236( -.096] -,207 -.]:l.;z =-£03

.633] 9| .315| e8| 2% .eei 88| .1e5| L0865 | .16 .101] . 0% ﬁ =012 ~.058| .oeb -2k 068 -.116] -.0%| -.0Bs) -, - 187

E Sl .3ee] o8k eo7 LR 13 .o Rg Q06| W05 W01 . =006 -,093| 038 -.002| -.036 -.109| .21 -.073 ~-€$ --E

B 38| W19} .35 186 . 213] . [ 0681, <0oh| .om 087 .035| -.005 .3 .o3%| -.013| .06 -.105| -,08| ~.0N7| - =
y/o = | 193] .632] .mam| . 2084 +330| @32/ .1h6| .080| 206 138 .ofe| .| .039| -.00 -.078| 38| -.ome ~096| ~.1%8| -,068( -,239] ».164| -2010
0.491 g gge A7) . 897 1881 .333 .23} J19% | .00 | 17| L35 0% .11) .036 _.g -.gg ~008] - 08k ~096 =.ld7| w,070( -.017| -.18%[ -200

. 87 Jhas| . 270 +308| 06 Rg 089 | .ece| .29 .o%0 .1m1| .omR| - - 0|« 006 =098 -~ak6| ~.073| -.200| -.188 -.mi

S08) o1l 361 BTL 290| .026| , L0851 .p03| 106 099 109 3; -y =00k Jm2| -,050 -.20M -.15%] -0 -,122| «.170{ -

633 ﬁf 30k .p67] .07 238 ,198| .1%3| 0B% | 27| .20M 050} ‘ﬁ B - =+070[ 031 ~.031 -.09%5 -.13%| ~.08k| -,100| -.2%| 200

g . 264 176 J06( .1me| 329 L07L) W13 Losk| o8| . 039 - -.068 02T - <084 -.138( -0k ~.200( -,35%| ~,199

. S5 a9 . 1M W266| .123) .090| .on6| .109( .o73) .037] . W30 =3| Jex| -1 -.070| -.227( -,007| -,O7k| ~138] -.17T
¥/o=| 383 Mol 306| .akBl 276 .308| a3 .em| .18%| .o st «197( L0868 | .eed| by JO89| .237| . =1 ~.07h| ,OMS| -.002| ~.0000 -.136] -.081| ~.00L] -.18| -390
0.68% | .50 354 13| a7 2w . S5 206 0k 288 Ja0k] 071 | .17 118 108 g -0ae! -, J023] -.081] ~,003] -.19h] -0k -% =.148| -.192

£33 . 6 o3| 185 .159] .130| 199 98| .107) . . 008 . o79| RS -.0n7| -.099| .on1| -.086] -.076] -.238| -, - ~.132( =176

-Q £30( .190| 97| S22l . «1h3] .12 .53 130| . «119| 078 .037| .06 Y| -.007 -.0%]| .00M| -. =068 ~.101| -,0h6| ~,080( -.118)| -.16@

B »s| e . <136] Je0a| 0% .12 . J112| .08e T| -10f 067 .o .053| (o038| -.009) -.050{ ~.c01| .03 -.06% -.093| ~.005| -.o7R| «.101| .05
0 = 90°|-.co%| .caa| .m3| .m3| .oah| .003| . 02| ,007| .003| J00R| .00e| 0020 003 -.002|-.00 © =000 001 .008( .003( .ookl .oag| .m2| .oma| .ouk

033|010 . R lmt R 002 Lo0L| ooT +003| 000 |-.002f0 o(m]-.ms -.00| 0. o .00k L00H .006) .6 . .0k| ,019

ko) .ol .069| .C37 9| . o <08 27| .009] 000|018 ooi 011 g «00L .005| .coe| .o00e| .00%| .005| .co% .00W .co8| .08 Lonk] . o031

gl 30| .083 .gg <315} L1MH L087] .OML| L196| .10%| .OME| . Ja1ef wo| ol 007 -. =00/ -,003| -.080 -.02Q -,090| ~.0%1| ~.0k2| -.0bp| -.036

S| 48| ogf . «376] 12 a1 2R| AT L 0ok L3 093] 039 Lo78| Joeo0| -.010f -.om| 00| -.036] -.068 —-09| -.096] ..0%| _o1k| 128

JThO| Jkbs| .396] 240| 378 . RL7) W166] .08e| .190) Jx2k| Lo7h | .189| a0 mg +090] .0e9| .08 -.0%9| .07 -'md =0T =R «.0M8( -.002| -,13| ~.16%

- KiLE ﬁ .im ﬂ gg'rr -273 .g:; 197 33 .'556 E: .gi 20k .ﬂ.g ot 109 .053 -.gg -.g V005 ., e -.E -.119 -.nse =085 "Bi' -.ﬁ

. . K . . . . . . . . . - - K ~e017| -. ~e223| w,0RR| -, -8k | -,
1.2h0| JTH . Q07 =208 19| . «176( W173) 222 L2133 L2134 g -003| .oTR ﬁ 01 Lom| -.0 .gﬁ -017| -.069| -.139| ~.091 -.g -J27| -.162
o = 1% 136 .ate| ,oBg| ., 7| (056 .033| .031| .o30| .oho| .025| .oe| .006( o6 Laed] .m1| .o09]-.0¢a =00¥| «.010| -.C1k| -,008| -.ceo| -.@3| -.0%0| -.038| -.087] -.009

323 257 . 246l .199| .60 .20 x_:fg B 205 a6 0w e1] .11 , k| .ome ﬁ -R3 -.0%| -.001| ~.0k3] . 096 -, -.098| -,1ph| -.1

A89| Jhm % Ja52] W3 232 . 1k e15] ,263 B . o717 038 % o =008 -.057] .00%| -,080] -. ~.096] -.0h5| -.0BS| -.113| -.1k6

36| 5 . 13 «209] 371 L296| .191| .a36| Loth| 17T 239 LOTS|.1k3| .o90| LoR1] . O8] -0 -.om| J01R| -,0R7| - -.% ~eOhiL] ~077| o102 -3

B3] Jke1) Ja7h| L317) 268 . 209 3| .16 277 £u| e .o | .163) J200| Jokk| .o00| .ozd| -.o18| —.o%6| Loay =07 -, - ~oQll| =.081| -,218( ~.153

«990| .368] £99| 25| 313 | 193] =3| 17| 16y J081| JAGL| J1M3| .opB| .133) .ob6| -.001f -.o57| -o35) -.omol . -.108| -.037| -.080| -.100| -,336
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TABLE II.- PRESSURE COEFFICIENTS ( ‘101> ~ Continued

(c¢) M = 1.48, R = 0.6x10%

Btation!| N\ Ig o= &0 a = - an -a® =0 a=2° a= W o= &

x

I\l |1e] @ |lor|allae] @ |58 @ 310|360 -1.6°]-5.7°|-3.6° 2.5° | @ [a a1 ]| 00 |5t |38
y/s = |0.133 [0.662 o.ﬁ 0.1, fo.39 lo.470|0.579 [0.268 [0,£18]0.320]| 0.252]0.167(0.100|0.€02 10.121 o.gﬁ 0.067 o002 |-0.045 {-0.093] 0,086 |-0.069 |-0.1%7 [-0.17T1L -0, 118 |-0,250
0.0 | 298] . « . K .378| ,300{ 23| .273| 263 -e11| .1k3 086 .16R| (LML) LONT| .OT3 0031 ~.038| -.076] ~.ca9| -.063| «.087| ~.1h1] ~.0 -':ﬁ

,983] . .a7e| 2ok | .22h| 34| 263 2oo| .auB| =228] a7l .18 .omi .133) .O0R “obo{ .060| .onk| -.0n1] -.0m0| -0 | .02 ]| ~.089 -.133 -073] -

208| 0| .37h| (308 | eeR | J3MB| LTT| . ik 233] 11| W11k .070 '1E3 oon| -8l co6s| .ce3| -.019( -.060| .00TY -.033| -.0TR] -. -.OhT | -,083

633] M| 3T G320 T.ek3 | o3ME] 201 21 ‘46| om0 18| a1a] .o3| .aka| Jo%e| .o .op0]| .G28| -.015| -.006( LOL3 -.2k| -.087| =305 -0 | ~.0R
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Figure 1.~ Pressure-distribution model (all dimeunsions in inches).
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Figure 15, ~ Upper value of y included in the fore Mach cone emanating from R for p=1.
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Figure 16. ~ Intersection of characleristic Mach cones with z =0 plane showing corresponding
regions.
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